Specification 

INDUCTIVE MAGNETIC HEAD WITH NON-MAGNETIC SEED LAYER GAP 
STRUCTURE AND METHOD FOR THE FABRICATION THEREOF 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates generally to magnetic heads for hard disk drives, 
and more particularly to the fabrication of a non-magnetic electrically conductive write 
gap structure between the magnetic poles of a write head portion of such magnetic head. 

Description of the Prior Art 

As is well known to those skilled in the art, standard magnetic heads include write 
head elements that include two magnetic poles, commonly termed the first magnetic pole 
(PI) and the second magnetic pole (P2) poles, with a write gap layer formed between 
them. During a data recording procedure, the passage of magnetic flux across the write 
gap between the two poles creates a magnetic field which influences a thin film layer of 
magnetic media on a hard disk that is located proximate the magnetic head, such that the 
changing magnetic flux creates data bits within the magnetic media. In a longitudinal 
magnetic head the size of the data bit is substantially determined by the size of a 
magnetic pole tip of the second magnetic pole, referred to herein as the P2 pole tip. 

The continual quest for higher areal data recording densities of the magnetic 
media demands smaller bit sizes which may be achieved by reducing the thickness of the 
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write gap layer and the size of the P2 pole tip. In the typical prior art magnetic head, the 
write gap material consists of a non-conductive, non-magnetic material such as alumina. 
The P2 pole tip is formed utilizing photolithographic techniques in which an electrically 
conductive seed layer comprised of a magnetic material, such as NiFe, is deposited upon 
the alumina write gap layer, and a patterned photoresist having a pole tip trench formed 
therein is fabricated upon the electrically conductive seed layer. Thereafter, the P2 pole 
tip is electroplated within the pole tip trench utilizing the electrically conductive seed 
layer to conduct electroplating current. Following the electroplating process the 
photoresist and uncovered seed layer is removed. As a result, the remaining seed layer 
that is disposed beneath the electroplated pole tip effectively becomes part of the pole tip 
through which magnetic flux flows. The thickness of the seed layer therefore contributes 
to the overall thickness of the P2 pole tip. 

In more advanced magnetic heads, the magnetic pole tip material is formed with 
significantly improved magnetic properties than can be achieved in the magnetic seed 
layer. The improved magnetic properties are desirable to provide increased magnetic 
flux flow at greater magnetic flux densities in order to write smaller data bits to the 
magnetic media. In this situation, the relatively ordinary magnetic properties of the 
magnetic, seed layer are detrimental to the desired magnetic flux flow through the P2 pole 
tip. The magnetic head of the present invention includes a non-magnetic, electrically 
conductive seed layer which aids in obtaining the desired magnetic flux flow through the 
P2 pole tip. 



HSJ920O302O3US1 



2 



SUMMARY OF THE INVENTION 

The magnetic head of the present invention includes a write head element having 
a first and a second magnetic pole with a write gap layer disposed therebetween. In a 
first embodiment the write gap layer includes a first sublayer which is deposited upon the 
5 first magnetic pole to act as an adhesion layer. The material comprising this first 
sublayer is non-magnetic and non-conductive. The write gap layer then includes a 
second sublayer which is formed of a non-magnetic, electrically conductive material. 
The P2 pole tip of the second magnetic pole is then photolithographically formed upon 
the second sublayer by fabricating a patterned photoresist upon the second sublayer in 

10 which a P2 pole tip trench is created. The P2 pole tip is then electroplated into the pole 
tip trench, where the electrically conductive second sublayer is utilized to conduct 
electroplating current. In a preferred embodiment, the adhesion layer is preferably 
comprised of Ta or Ti, having a thickness of from approximately 25 A to approximately 
200 A with a preferred thickness of approximately 50 A, and the second sublayer is 

15 preferably comprised of Rh or Ru having a thickness of from approximately 100 A to 
approximately 1,000 A, with a preferred thickness of approximately 500 A. 

In an alternative embodiment the write gap layer includes another sublayer that is 
formed between the adhesion sublayer and the electrically conductive non-magnetic 
second sublayer. This third sublayer is comprised of a material that is etchable in a 

20 reactive ion etch (RIE) process, and the third sublayer is preferable comprised of Ta, Ti, 
W, Mo or Si, and is formed with a thickness of from approximately 100 A to 
approximately 1,000 A, with a preferred thickness of approximately 600 A. Where the 
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third sublayer is included, the electrically conductive, non-magnetic second sublayer is 
preferably formed with a thickness of from approximately 100 A to approximately 1,000 
A, with a preferred thickness of approximately 200 A. The third sublayer is useful where 
a PI pole notching process is to be undertaken in the fabrication of the magnetic head. 
5 The utilization of the RIE etchable third sublayer during a PI pole notching process 

utilizing a reactive ion species results in reduced redeposition of etched material upon the 
sides of the P2 pole tip as compared to prior art PI pole notching processes. This can 
also reduce the overall process time to mill the pole tip. 

It is an advantage of the magnetic head of the present invention that it includes a 
10 write head having a non-magnetic, electrically conductive sublayer that facilitates the 
electroplating of the P2 pole tip of the magnetic head. 

It is another advantage of the magnetic head of the present invention that it 
includes a P2 magnetic pole tip having more desirable magnetic flux flow characteristics. 

It is a further advantage of the magnetic head of the present invention that it 
15 includes a write head with reduced sidewall redeposition during a PI pole notching step. 

It is an advantage of the hard disk drive of the present invention that it has 
increased areal data storage density. 

It is another advantage of the hard disk drive of the present invention that it 
includes a magnetic head including a write head having a non-magnetic, electrically 
20 conductive sublayer that facilitates the electroplating of the P2 pole tip of the magnetic 
head. 
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It is a further advantage of the hard disk drive of the present invention that it 
includes a magnetic head having a write head element including a P2 magnetic pole tip 
having more desirable magnetic flux flow characteristics. 

These and other features and advantages of the present invention will no doubt 
5 become apparent to those skilled in the art upon reading the following detailed 
description which makes reference to the several figures of the drawing. 

IN THE DRAWINGS 

The following drawings are not made to scale as an actual device, and are 
provided for illustration of the invention described herein. 
10 Fig. 1 is a top plan view that, generally depicts a hard disk drive including a 

magnetic head of the present invention; 

Fig. 2 is a side cross-sectional view depicting various components of a prior art 
magnetic head; 

Fig. 3 is a side cross-sectional view depicting various components of the magnetic 
1 5 head of the present invention; 

Fig. 4 is an enlarged cross-sectional view depicting detailed features of the write 
gap structure of the present invention; and 

Fig. 5 is an enlarged cross-sectional view depicting detailed features of an 
alternative write gap structure of the present invention. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

A simplified top plan view of a typical hard disk drive 10 which includes a 
magnetic head of the present invention is presented in Fig. 1 . As depicted therein, at least 
one hard disk 14 is rotatably mounted upon a motorized spindle 18. A slider 22, having a 
5 magnetic head 26 disposed thereon, is mounted upon an actuator arm 30 to fly above the 
surface of each rotating hard disk 14, as is well known to those skilled in the art. The 
present invention includes improved features and manufacturing methods for such 
magnetic heads, and to better understand the present invention a prior art magnetic head 
is next described. 

10 As will be understood by those skilled in the art, Fig. 2 is a side cross-sectional 

view that depicts portions of a prior art magnetic head 38, termed a longitudinal magnetic 
head. As is best seen in. Fig. 2, the magnetic head 38 includes a first magnetic shield 
layer (SI) 40 that is formed upon a surface 44 of the slider body material 22. A read head 
sensor element 52 is disposed within electrical insulation layers 54 and 56 and a second 

15 magnetic shield layer (S2) 58 is formed upon the insulation layer 56. An electrical 
insulation layer 59 is then deposited upon the S2 shield 58, and a first magnetic pole (PI) 
60 is fabricated upon the insulation layer 59. 

Following the fabrication of the PI pole 60, a write gap layer typically composed 
of a non-magnetic, non-conductive, non-metallic material such as alumina 72 is deposited 

20 upon the PI pole 60. This is followed by the fabrication of a P2 magnetic pole tip 76, 
which includes the deposition of a seed layer 78 that is typically a magnetic electrically 
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conductive metal, such as NiFe, followed by a photolithographic process including the 
deposition of a patterned photoresist layer (not shown) including a P2 pole tip trench. 
This is followed by the electroplating of the P2 pole tip 76 within the patterned 
photoresist trench, where the seed layer 78 acts to conduct electroplating electrical 
5 current. Following the electroplating of the P2 pole tip 76, the photoresist and exposed 
seed layer is removed, and an induction coil structure including coil turns 80 is then 
fabricated within insulation 82 above the write gap layer 72. Thereafter, a yoke portion 
84 of the second magnetic pole is fabricated in magnetic connection with the P2 pole tip 
76, and through back gap element 90 to the PI pole 60. Electrical leads (not shown) are 

10 subsequently fabricated and a further insulation layer 1 14 is deposited to encapsulate the 
magnetic head. The magnetic head 38 is subsequently fabricated such that an air bearing 
surface (ABS) 116 is created. 

It is to be understood that there are many detailed features and fabrication steps of 
the magnetic head 38 that are well known to those skilled in the art, and which are not 

15 deemed necessary to describe herein in order to provide a full understanding of the 
present invention. 

Fig. 3 is a side cross-sectional view depicting various components of a magnetic 
head 1 18 of the present invention that may be used as the magnetic head 26 in the disk 
drive of Fig. 1. The significant features of the present invention relate to the structure of 
20 the write gap that is fabricated between the magnetic poles. Therefore, the magnetic head 
of the present invention includes many similar features and structures to those of the prior 
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art magnetic head described hereabove, and such similar features and structures are 
numbered identically for ease of comprehension. 

As depicted in Fig. 3, the magnetic head 118 of the present invention includes a 
first magnetic shield layer (SI) 40 that is formed upon a surface 44 of the slider body 
material 22. A read head sensor element 52 is disposed within electrical insulation layers 
54 and 56 and a second magnetic shield layer (S2) 58 is formed upon the insulation layer 
56. An electrical insulation layer 59 is then deposited upon the S2 shield 58, and a first 
magnetic pole (PI) 60 is fabricated upon the insulation layer 59. 

Following the fabrication of the PI pole 60, an electrically conductive write gap 
layer 120 of the present invention is fabricated upon the PI pole 60 in steps that are 
described in detail herebelow with the aid of Fig. 4. This is followed by the fabrication 
of a P2 magnetic pole tip 124, which includes a photolithographic process including the 
deposition of a patterned photoresist layer (not shown) including a P2 pole tip trench. 
This is followed by the electroplating of the P2 pole tip 124 within the patterned 
photoresist trench, where the write gap layer acts to conduct electroplating electrical 
current. Following the electroplating of the P2 pole tip 124, the photoresist is removed 
and an induction coil structure including coil turns 80 is then fabricated within insulation 
82 above the write gap layer 120. Thereafter, a yoke portion 84 of the second magnetic 
pole is fabricated in magnetic connection with the P2 pole tip 124, and through back gap 
element 90 to the PI pole 60. Electrical leads (not shown) are subsequently fabricated 
and a further insulation layer 114 is deposited to encapsulate the magnetic head. The 
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magnetic head 1 18 is subsequently fabricated such that an air bearing surface (ABS) 1 16 
is created. 

As is best seen in the expanded side cross-sectional view of Fig. 4, a first 
preferred embodiment of the write gap layer 120 of the present invention includes a first 
5 sublayer 128 that is deposited across the surface of the wafer following the fabrication of 
the PI pole 60. The sublayer 128 is deposited to act as an adhesion layer between the 
metallic PI pole layer surface 130 and the subsequent sublayers of the write gap layer 
120 of the present invention. In the preferred embodiment, the adhesion sublayer 128 is 
preferably comprised of a metallic, non-magnetic material such as preferably Ta or Ti, or 

10 other acceptable materials such as Cr or NiCr or a combination thereof. The adhesion 
sublayer 128 is fabricated with a thickness of from approximately 25 A to approximately 
200 A, with a preferred thickness of approximately 50 A. 

Following the deposition of the adhesion sublayer 128, a second sublayer 132 of 
the write gap layer 120 is deposited. The second sublayer 132 is preferably comprised of 

15 a non-magnetic, electrically conductive metal, such as preferably Rh or Ru, or other 
acceptable materials such as Ir, Mo, W, Au, Be, Pd, Pt, Cu, PtMn, and Ta or a 
combination thereof. The sublayer 132 is formed with a thickness of from approximately 
100 A to approximately 1000 A, with a preferred thickness of approximately 500 A. 

Following the deposition of the non-magnetic, electrically conductive second 

20 sublayer 132, the P2 pole tip 124 is directly fabricated thereon, without the necessity for 
depositing a pole tip seed layer as is done in the prior art (such as seed layer 78 of Fig. 2). 
That is, the non-magnetic electrically conductive write gap sublayer 132 is utilized to 
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conduct electroplating current for the electroplating of the P2 pole tip 124. Therefore, 
following the deposition of the electrically conductive write gap sublayer 132, a 
photolithographic process similar to the prior art P2 pole tip fabrication process is 
conducted, wherein a patterned photoresist (not shown) is fabricated upon the sublayer 
5 132, followed by the electroplating of the P2 pole tip 124 within a P2 pole tip trench 
formed within the photoresist. The electroplating electrical current flows through the 
sublayer 132 during the electroplating process. Thereafter, the photoresist is removed, 
such as with the use of a wet chemical stripper, and sublayers 132 and 120 are preferably 
removed using an ion etching process from all areas except protected areas beneath the 

10 P2 pole tip 124. Thereafter, the induction coil structure, including coil turns 80, yoke 
portion 84 of the second magnetic pole and further structures as are known in the prior art 
are fabricated to complete the fabrication of the magnetic head of the present invention. 

Significant features of the structure of the write gap layer 120 of the present 
invention are that the adhesion sublayer 128 serves to effectively join the metallic 

15 material of the magnetic PI pole 60 with the metallic electrically conductive sublayer 132 
of the write gap layer 120. Owing primarily to material stress within the PI magnetic 
pole material, typically NiFe, delamination of a completed magnetic head at the write gap 
may occur where an adhesion sublayer is not utilized between the metallic material of the 
PI pole 60 and the metallic material forming the write gap sublayer 132. Also, it is 

20 desirable that the material that forms the sublayer 132 does not readily form an oxide, 
such that corrosion and tribological problems at the ABS are avoided, and that the 
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sublayer 132 can conduct current to the P2 pole tip in the electroplating process and be 
plated upon more easily. 

The fabrication of the write gap layer 120, utilizing an electrically conductive, 
non-magnetic material in sublayer 132, allows both a reduction in the thickness of the 
5 write gap layer and a reduction in the overall thickness of the P2 magnetic pole tip 124. 
That is, a good electrical conductor, such as Rh, allows for the use of a thin sublayer 132 
while still supplying adequate electroplating current to plate up the P2 pole tip. Also, 
because the sublayer 132 is non-magnetic, the overall thickness of the magnetic P2 pole 
tip is reduced as compared to the prior art P2 pole tip, in which the magnetic seed layer 
10 (78 in Fig. 2) effectively becomes a part of the P2 pole tip due to magnetic flux flow 
therethrough. 

In more advanced magnetic heads of the prior art, the P2 pole tip is formed with 
magnetic material such as a CoFe alloy having significantly improved magnetic flux flow 
properties that are superior to the flux flow properties of the prior art NiFe magnetic seed 

15 layer. The improved magnetic properties are desirable to provide increased magnetic 
flux flow at greater magnetic flux densities in order to write smaller data bits to the 
magnetic media. In this case, it is desirable that the thickness of the write gap be reduced 
to accommodate the higher bit density. The write gap layer 120 of the present invention, 
with its adhesion sublayer 128 are important in this instance where the properties of the 

20 electroplated pole may include a large amount of stress which can cause delamination. 

Fig. 5 is an enlarged side cross-sectional view depicting an alternative 
embodiment of a write gap layer 140 of a magnetic head 144 of the present invention. As 
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depicted therein, the write gap layer 140 basically includes three sublayers 148, 152 and 
156. The first sublayer 148 is an adhesion sublayer and it is substantially identical to the 
adhesion sublayer 128 of the magnetic head 118 depicted in Fig. 4 and described 
hereabove. Specifically, the adhesion sublayer 128 is preferably comprised of a metallic, 
5 non-magnetic material such as preferably Ta or Ti, or other acceptable materials such as 
Cr or NiCr or a combination thereof. The adhesion sublayer 128 is fabricated with a 
thickness of from approximately 25 A to approximately 200 A, with a preferred thickness 
of approximately 50 A.. 

The middle layer 152 is comprised of a non-magnetic material, such as Ta, Ti, W, 

10 Mo and Si, which also etchable in a reactive ion etch (RIE) process, such as with the use 
of oxygen or fluorine active species, as is known to those skilled in the art. The thickness 
of the middle sublayer 152 may be from approximately 100 to approximately 1,000 A, 
with a preferred thickness of approximately 600 A. 

The third sublayer 156 of the write gap layer 140 is substantially similar to the 

15 second sublayer 132 of the write gap layer 120 of the magnetic head 118 depicted in Fig. 
4 and described hereabove. Specifically, the third sublayer 156 is composed of a non- 
magnetic, electrically conductive material such as Rh or Ru, or other acceptable materials 
such as Ir, Mo, W, Au, Be, Pd, Pt, Cu, PtMn, and Ta or a combination thereof, having a 
thickness of from approximately 100 A to approximately 1,000 A with a preferred 

20 thickness of approximately 200 A. The third sublayer 156 acts as an electrical conductor 
for the electroplating of the P2 pole tip 124 as has been described hereabove, and where 
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the middle sublayer 152 is also electrically conductive it aids in the conduction of 
electrical current. 

As is well known to those skilled in the art, a PI pole notching step is often 
conducted during the fabrication of a longitudinal magnetic head to substantially 
eliminate side writing from the P2 pole tip. Specifically, following the fabrication of the 
P2 pole tip, an ion beam etching step is conducted where the P2 pole tip acts as a etching 
mask, and the write gap layer and portions of the PI pole immediately along side of the 
P2 pole tip are etched away. As a result of the notching step, undesirable side writing of 
the magnetic head that is caused by the unwanted flow of magnetic flux from the sides of 
the P2 pole tip to the PI pole is substantially reduced. 

The significance of the middle sublayer 152 of the write gap structure 140 of the 
magnetic head 144 of the present invention is that because it is etchable in an RIE 
process, the PI pole notching step is more easily conducted than it is in the prior art PI 
pole notching process, where a standard ion beam etching process is utilized. That is, the 
ion beam PI pole notching step of the present invention can proceed with greater 
efficiency by the addition of a reactive component to the ion milling process, because the 
RIE etchable material of sublayer 152 becomes a gaseous compound in the RIE process, 
and redeposition of etched material is minimized. 

Therefore, a write gap layer 140 having three sublayers 148, 152 and 156 
provides some improved processing characteristics over the write gap layer 120 having 
two sublayers 128 and 132. However each of the write gap layers 120 and 140 include 
the non-magnetic, electrically conductive sublayer 132, 156 respectively which acts to 
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carry electrical current in the electroplating of the P2 pole tip thereon. As a result, the 
magnetic head 118 and 144 of the present invention can be fabricated with a thinner write 
gap layer and a smaller P2 pole tip. This ultimately facilitates the creation of smaller data 
bits being written to the magnetic media of a hard disk drive of the present invention, 
5 thus increasing the areal data storage density of the hard disk of the hard disk drive and 
the present invention. 

While the present invention has been shown and described with regard to certain 
preferred embodiments, it is to be understood that modifications in form and detail will 
no doubt be developed by those skilled in the art upon reviewing this disclosure. It is 
10 therefore intended that the following claims cover all such alterations and modifications 
that nevertheless include the true spirit and scope of the inventive features of the present 
invention. 

What I claim is: 
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